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REMARKS 

Applicants wish to thank Examiner Metzmaier for the helpful and courteous 
discussion with Applicants' Representative on March 11, 2005. The prior art of 
record was discussed. The following is intended to expand upon this discussion. 

The present invention as set forth in Claim 1 relates to a dried hydrogel, 
prepared by 

polymerizing an olefinically unsaturated carboxylic acid or an olefinically 
unsaturated carboxylic acid compoimd in a polymerization reaction mixture; 

admixing the polymerization reaction mixture, before, during or after the 
polymerization and before drying, with an alkali metal silicate of the general 
formula I 

M2O X n Si02 (I), 
wherein M is an alkali metal and n is from 0.5 to 4; 

thereby obtaining a hydrogel containing a polymer; and 

drying said hydrogel at an elevated temperature, to obtain said dried hydrogel. 

JP 06-016822 and WO 97/46189 fail to disclose or suggest admixing the 
polymerization reaction mixture, before drying , with an alkali metal silicate of 
the general formula I. 

JP 06-016822 mixes the inorganic substance with a commercially available 
dry polymer and not with a polymerization reaction mixture before drying. See 
Example 1, [0032]: absorptivity resin particle AKUA mate AQ-200. The dry resin 
particle is contacted with a mixture of colloidal silica and hydrophilic solvent. 

In the present invention, admixing of the alkali metal silicate of the general 
formula I with the polymerization reaction mixture results in a distribution of the 
alkali metal silicate throughout the polymer, as shown by the attached Rule 132 
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Declaration . See the third picture on the sheet attached to and incorporated into 
the Declaration. 

JP 06-016822 does not want the inorganic substances distributed in the 
polymer. It teaches away from a distribution throughout the polymer. JP 06-016822 
wants a homogeneous distribution of inorganic substances on the surface of the 
absorbent resin particles of JP 06-016822 : "the homogeneous distribution of the front 
face of the absorptivity resin particle of an inorganic substance sol is attained" [0023]. 
In order to achieve this, an organic solvent must be present [0045]. If the organic 
solvent is not present, the homogeneous distribution on the surface cannot be 
achieved [0043]. 

The amount of water in Example 1 of JP 06-016822 is low. That means, the 
inorganic substances cannot diffuse into the resin particles. As described at page 
99 of the attached "SOLUTION POLYMERIZATION", starting at line 15, water 
swells the particle surface increasing penetration into the polymer. If little water is 
used, penetration is low and there cannot be a distribution of the inorganic particles 
througout the polymer. On the other hand starting at line 22 of "SOLUTION 
POLYMERIZATION", it is described that alcohol helps dispersion on the surface of 
the polymer particles. This is what JP 06-016822 does. 

WO 97/46189 uses commercially available dry materials. They simply open 
sanitary napkins and distribute an odor control system. See the Examples. No water 
was added (page 13, paragraphs 2 to 5). Thus, the polymer is already dried before 
adding the odor control system. In addition, there cannot be a distribution of the 
odor control system inside the polymer. 

Furthermore, Applicants have added new Claim 18 as supported by Claim 1 
and the Examples. In Claim 18, the dried hydrogel particles are prepared by 
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polymerizing an olefinically unsaturated carboxylic acid or an olefinically 
unsaturated carboxylic acid compound in a polymerization reaction mixture, to obtain 
a solid gel containing a polymer; 

admixing said solid gel with an alkali metal silicate of the general 
formula I 

M2O X n Si02 (I), 
wherein M is an alkali metal and n is from 0.5 to 4; 
thereby obtaining particles of a gel; and 

drying said particles of the gel at an elevated temperature, to obtain said 
dried hydrogel particles. 

None of JP 06-016822 and WO 97/46189 disclose or suggest admixing said 
solid gel with an alkali metal silicate of the general formula I and drying said 
particles of the gel at an elevated temperature, to obtain said dried hydrogel 
particles. 

In addition. Applicants have amended Claim 10 so that the alkali metal 
silicate of the general formula I is admixed with the polymerization reaction mixture 
before or during the polymerization or with said solid gel. Such process is not 
disclosed or suggested by the cited references. 

Therefore, the rejection of Claims 1, 4-7 and 10-15 under 35 U.S.C. § 102(b) 
as anticipated by or, in the altemative, imder 35 U.S.C. § 103(a) as obvious over 
Seikisui Plastics Co. LTD (JP 06-016822) and the rejection of Claims 1-7 and 1 1-17 
under 35 U.S.C. § 103(a) as being unpatentable WO 97/46189 are beUeved to be 
unsustainable as the present invention is neither anticipated nor obvious and 
withdrawal of these rejections is respectfully requested. 



9 



Application No.: 09/831,915 

Reply to the Office Action of: February 9, 2005 

The objection to the specification was previously discussed on October 5, 
2004. The Examiner had indicated that deleting Claims 8 and 9 would also remove 
the objection to the specification. 

Applicants made a statement regarding the common ownership of the claims. 
See Amendment filed October 29, 2004, page 11, second full paragraph. 

This application presents allowable subject matter, and the Examiner is kindly 
requested to pass it to issue. Should the Examiner have any questions regarding the 
claims or otherwise wish to discuss this case, he is kindly invited to contact 
Applicants' below-signed representative, who would be happy to provide any 
assistance deemed necessary in speeding this application to allowance. 



Respectfully submitted. 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 



Customer Number 



22850 




Tel: (703)413-3000 
Fax: (703)413-2220 
NFOiKAG: 
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96 COMMERCIAL PROCESSES FOR THE MANUFACTURE OF SUPERABSORBENT POLYMERS 

Even when the comminution and transport operations are selected to minimize 
the production of unwanted fine-particle size fractions, their handhng and disposi- 
tion must be considered. The patent record shows that superabsorbent manufactur- 
ers realized, after the fact, that the unwanted fines fraction needs to be managed. 
One solution is to simply remove the fines from the product by screening. That, 
however, only postpones the question of what to do with them. Two paths are dis- 
cussed, jt • t A 

The first path attempts to transform the fines into a second product or to include 
them as an inert or active filler in a second product.^^^ This path is not discussed 
in this volume. The second path is to recycle the superabsorbent fmes into the pn- 
mary superabsorbent product. In one case, fines, water, and fresh gel (du-ect from 
the reaction step) are physically blended to yield a uniform blended product. • 
About 15% fines, based on the weight of the final dried product, are blended. Fines 
of partially neutralized product can be rehydrated, without substantial agglomera- 
tion or ge!-blocking, by using a high speed mixer, followed by mixing of the hydrat- 
ed fines with fresh gel.''* (Similar equipment is described for the addition of reac- 
tive additives for advanced generation products.^^^) Also, recycle of fines to a gel 
stream consisting of the fmes, fresh gel (un-neutralized), and a few parts of water 
processes more easily than die fresh gel.'^ The mixUire of hydrated fmes and fresh 
gel is extruded through a die so that the gel is formed into "shapes havmg sufficient 
surface area for drying."'^ . x_ , r i 

Unless a reaction takes place between the hydrated fines and the gel, for example 
by using a reagent such as ethylene glycol diglycidyl ether, the fines are not chemi- 
cally bound to the gel polymer. As a consequence,^^ the product may not retain its 
"unitary nature under the stresses imposed by hydration." Viewing the swelhng of 
agglomerated particles under a -microscope shows that the agglomerated larger par- 
ticles break into its fine-particle components as the mass swells. 

Recycle of superabsorbent fines to the polymerization step is also described. In 
this art, die fines are swollen with monomer or monomer solution and the mixture 
polymerized. In one case,** the monomer is first added to the reactor, fol- 
lowed by addition of the fines. Although the viscosity of the monomer mix increas- 
es substantially with the addition of fines, no particular problems were noted. 
Equipment to mix fines and monomer is not described in these patents. However, 
equipment of the type used to swell fines with water might be useful at a commer- 
cial scale.^ Equipment necessary for polymerizarions containing fines'* is similar 
to the reaction vessels previously described.^^^a when polymerizing on a continu- 
ous belt, fines were added to the belt polymerizer as a part of the monomer mix. 
In this case, the fines are first mixed with a nonswe I ling- solvent, a nonswelling salt 
solution, or a nonswelling monomer such as acrylic acid and then added to an aque- 
ous solution of monomer. The amount of fines that can be added may be as high as 
50%,'* but is probably more on the order of 20% or less.'*-"'^' When fines are recy- 
cled to the polymerization, product properties are neariy equivalent to properties of 
products made without fines recycle. However, in one case for polymers of the same 
swelling capacity, a slight reduction in absorbency under load was noted.'' 
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3.2.8. Addition of Post-Treatments 

3.2.8.1, Advanced Products. The processes described above produce a parti- 
cle with crossi inking that may be assumed to be essentially uniform throughout the 
particle. As such, the swelling and modulus behavior of the product particles can be 
described by theories of network swelling and elasticity (see Chapter 5). One prob- 
lem associated with these superabsorbent polymers was also recognized in a variety 
of water soluble poiymers, e.g., poly(acrylamide), cellulose ethers,'^ or soluble 
poly(acrylic acid).^^ This problem is the tendency of the granular polymers to 
clump, "gel block," or form fish-eyes when aqueous liquids are added to them or 
they are added to aqueous liquids. The surfaces of the massed particles swell rapid- 
ly to form a soft, deformable layer. The resulting particle deformation and interpar- 
ticle adhesion reduces interparticle porosity and limits the swelling rate of the poly- 
rner mass to the diffusion rate of liquid through the partially swollen mass. 

The first attempts to solve this problem in highly absorbent anionic polyelec- 
trolytes used multivalent cations to form a crosslinked siirface layer that was more 
rigid than the original core polymer.'' Subsequently, to give products with improved 
dispersibility and absorption rate, the surface of crosslinked polyacrylate particles 
was reacted with a variety of multifunctional organic compounds."'-^*'''^-^ This 
structural improvement is shown schematically in Figure 3.9. Swelling capacity 
data as a function of particle size readily demonstrate that a shell of real, as opposed 
to infinitesimal, thickness is formed by surface crossHnking processes. The shell of 
higher crosslink density provides a more rigid surface layer during swelling and pre- 
vents the gel-blocking that would otherwise occur early in the swelling process 
(Chapter 5). As a result, liquid can flow through the bed of particles to each particle, 
increasing the effective surface area available for swelling and the apparent swelling 
rate. The swelling and modulus behavior of structured particles are discussed in 
Chapter 5. 

Because a surface layer is formed on each individual particle, the crossHnking 
reaction, but not necessarily the reagent addition, must occur after achieving the de- 
sired particle size distribution. Any compound that can react with two or more func- 
tional groups on the polymer backbone can function as a surface crossHnking 
reagent. For superabsorbents, this requires reagents that can react with the car- 
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Figure 3.9, Schematic representation of a unfformly crosslinked superabsorbent particle and 
a structured particle wrth a surface layer of higher crosslink density. 
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tween structured polymers made under different sets of process conditions. For ex- 
, ample, Tsubakimoto et al.^^ showed that a water/alcohol carrier for the surface 

^ I crosslinking reagent yields a structured polymer with less fish-eye formation than 

j when the reagent is added undiluted. Later, more sophisticated tests (see Chapter 4, 

j section 4.6.4) that measure swelling under a compressive load (absorbency under 

f load) were able to quantitatively distinguish between structured polymers made un- 

>r- ' der different sets of process conditions. Results of these tests suggest that penetra- 

ce I tion of the reagent into the particles and control of the dispersion of the crosslinking 

an I agent over the surface of the particles are critical process considerations for achiev- 

ce I ing success in the absorbency under load test. 

I Optimization of the surface crosslinking process to reduce gel-blocking in an ab- 

. 3 j sorbency under load test has been addressed in a number of ways. Surface 

^- j crosslinking reagents have been added in aqueous solutions and other diluents such 

le- i as alcohol or aqueous salt solutions. However, there are several difficulties 

OT I with these approaches. Water swells the particle surface and lowers the glass tran- 

I sition temperature of the polymer at the surface, increasing penetration of the sur- 

face crosslinking agent into the polymer particle. However, excessive amounts of 
water cause the polymer to swell and can make handling difficult. Inorganic parti c- 
r^g ulates, such as silicates, in addition to controlling the hydrophilic/hydrophobic bal- 

ance of the treatment reagent, are used, in combination with high-speed blending of 
the reagents with the polymer, to control agglomeration during the reagent addition 
• process.^^'^ The alcohol or salt solution helps disperse the surface crosslinking 

'i^- agents over the powder by diluting the crosslinker (larger volume) and helps control 

or prevent agglomeration of the powder by reducing the activity of water in the so- 
lution. The use of an organic solvent has the obvious disadvantage of requiring re- 
covery and recycle. Also, for example with the lower alcohols, the low flash points 
require extra equipment and more safeguards to maintain safe operation. 
^" Adding 0.2 wt% glycerol, in combinations of water and /7-propanol, to a 65% 

neutralized polyacrylate made by the process of Siddall and Johnson^® shows the ef- 
feet of reagent penetration. One gram of liquid was added to 100 g of polymer pow- 
der. Twenty-five grams of the reagent treated polymers was heated in an aluminum 
dish for 15 min at 200°C in a preheated circulating-air oven equipped with a steel 
plate as a heat sink. Table 3.5 shows the swelling capacity (method described in 
Chapter 4, section 4.6. 1 .2) and absorbency under load (described in Chapter 4, sec- 
tion 4.6.4.2) data. Swelling capacity decreases as the amount of water in the reagent 
solution increases. Similar results have been obtained by using aluminum acetate, 
ethyleneglycol diglycidyl ether, or ethylene carbonate as the surface crosslinking 
reagent. This has been interpreted as resulting from increased penetration of the 
reagent into the particle and increased crosslinking throughout the particle rather 
. than just on the surface. 

Other process choices also affect the resulting properties. Table 3.5 suggests that 
for glycerol the optimum weight ratio of water to /i-propanol is about 30:70 (based 
on the values of swelling capacity and absorbency under load). The amount of water 
^ ^ may be reduced by choosing a more hydrophilic organic solvent such as methanol. 

Increasing the salt concentration of the crosslinker solution also decreases the hy- 
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solvent composition SweUing Capacity ^^^Hi^l^Z 

Water/n-propanol (w/w) K&S) . 

9.0 



Starting material ^^*^ 23 2 

0/100 fl 21.6 

10/90 ll-'i 29.0 

20/80 34./ 

30/70 28.8 

40/60 30.5 
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of crosslinker in the solution also impact J!^""'. j"" ^^^^^^ coverage can 
lution is used, for example to avo.d ^SSiorn^^on *^ P^-^^^^f^^^^^^^^, i„,d%ests. 
be incomplete, leading ^-"---f„£ts°^^^^ quantity of 

ra^rs^^Sl^^^^^^ 

More recently the destre for Fodu^^^^^^^ ^ ^^^^ 

'"^-^ f s^t^s -hell structure is achieved by using 
crosslmkmg sytems. . ^^^i solubility parameters, one greater 

two surface crosslmkmg V'"^^, '° TS.,,/ combination of sol- 

19 S rcal/e^V'^ and the other less than 12.5 (cal/g ) - me comoma 
than 12.5 (cal/r) smo ^ ^ crosslinking reagents (less than 

the swelline capacity is not reduced too greatly, a rdngc 

dScm of the applied crosslinker solution promotes spreadmg of the 
40-50 dynes/cm, oi uic app articles A two-step addition of sur- 

crosslinker solution over the surface of the P^^'f^^^f^.^Tm Another two-part 



